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INTRODUCTION
Cyclonic action had been used to remove dust from gases for many years 
prior to its first application to liquid-solid pulps in the paper industry 
for degritting pulps. The liquid-solid cyclone as it is known today was 
developed by the research department of the States Mines, Limburg, Holland* 
during World War II (Dorr and Bosqui, 1953, P* 195).
Originally designed for desliming and dewatering mineral pulps and 
for degritting paper pulps, the liquid-solid cyclone is now being applied 
to coarse classification and to the field of heavy-media concentration.
The liquid-solid cyclone (shown in Figures la and lb) is simple in de­
sign. The feed pulp enters the cyclone through the rectangular feed inlet 
in the cylindrical feed chamber. The coarse, heavy particles are forced to 
the outside of the cylindrical feed section by centrifugal force* the coarse 
particles then move in a spiraling motion down the conical apex to the apex 
orifice, where they are discharged as underflow. The finer particles and 
most of the water are forced into the upward-flowing vortex by the thickening 
effect of the coarse particles caused by the decreasing diameter of the coni­
cal apex$ the finer particles and the water flow up through the vortex finder 
as the overflow (Fitch and Johnson, 1952, p. 172).
The important variables involved in making a size separation or
-1-
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classification of solids In the liquid-solid cyclone are size distribution 
of the feed solids, per cent solids in the feed pulp, feed pressure, feed 
inlet area, vortex finder diameter, and apex orifice diameter.
Studies of various apex angles have led to the conclusion that cyclones
with apexes of small included angles are more effective in making a size
separation at a certain mesh than those with larger apex angles. The capacities 
of the cyclones with small-angle apexes are greater than those with large- 
angle apexes (Yancey and Geer, 194$, pp. 271-272)(Kingman, 1950, p. 869).
It is also stated that the increased efficiency of cyclones with small-angle 
apexes may be caused by longer retention time due to the greater distance 
between the points at which the products are removed (Yancey and Geer, 194-8, 
pp. 271-272).
The object of the investigation of cylindrical apexes in place of the 
conical apex of a Dorrclone (American version of the liquid-solid cyclone 
marketed by the Dorr Company) was to determine whether or not a conically 
shaped apex is necessary. From descriptions of the flow patterns In liquid- 
solid cyclones (Fitch and Johnson, 1952, p. 172)(Fontein and Dljksman, 1953* 
pp. 238<*240)> as shown in Figure I la, it was conceived that the use of a 
cylindrical apex longer than the standard conical apex would result in 
longer retention time of the solids in the cyclone j it was felt the longer 
retention time in the cylindrical apex would result in classification compar­
able to that obtained by using the conical apex. Furthermore, it was thought 
a moving cone of coarse particles would form inside the cylindrical apex,
as shown in Figure lib.
The test procedures were designed to compare the effects on classifica­
tion at 100 mesh using cylindrical apexes of various lengths and a standard 20° 
conical apex. All other components of the apparatus were identical.
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A comparison of the results of tests conducted using a cylindrical apex 
section 8 7/16 inches long and of the results of tests conducted using a 20° 
conical apex A inches long indicated that slightly better classification 
resulted from the use of the cylindrical apex in the liquid-solid cyclone.
BXFEimffiMAL WORK. AND RESULTS
I, Experimental Materiel
The equipment used in the tests consisted of the following t a 3-inch,
20° apex, standard Dorrclone; the same Dorrclone with the conical apex replaced 
successively with cylindrical apexes 8 7/l6 inches, A 1/8 inches, and 3 inches 
in length; 1-inch and 2-inch Wilfley sand pumps; a sloping-bottom barrel as 
the pump sump; and a ̂ -horsepower mixer for the sump. A valve-controlled 
bypass line off the cyclone feed line was used to vary the feed pressure.
The test flowsheet is shown in Figure III.
The solids used for the tests consisted of about 4-00 pounds of minus-£- 
inch traprock obtained from the quarry rejects pile located at the foot of 
North Table Mountain. The traprock was chosen for the tests because of its 
fine-grained texture and hardness; the specific gravity was determined to 
be 2.73.
The traprock was crushed to about 6-mesh using a chipmunk crusher and 
screened on a 20-mesh screen. The plus-20-mesh fraction was dry ground in 
a 1 by 2-foot Denver Equipment Company rod mill which was in closed circuit 
with a 20-mesh Sweco screen. When all passed the 20-mesh screen, the rock 
was mixed and sampled for screen analysis, Table I.
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II General Experimental Procedure
A mixture of traprock and water of specified per cent solids was added
to the pump sump, and the pulp was circulated through the system# Suspension
of the coarser particles in the pulp was difficult until a baffle was added
to the sump to minimize the swirling effect of the mixer and cause more turbu­
lence.
The valve in the bypass line was regulated to maintain specified feed 
pressures to the cyclone. The threaded assembly controlling the diameter of 
the rubber apex orifice ring was tightened to give a rope discharge and 
then loosened to the point where a spray discharge resulted. This method of 
determining the optimum apex orifice diameter is accepted practice. A stabi­
lizing period of about 5 minutes was allowed prior to sampling each test.
When stable conditions were attained, timed samples of the overflow and 
underflow from the cyclone were taken simultaneously.
The pulp samples were weighed and wet-screened through a 200-mesh sievej 
after filtering and drying, the plus- and minus-200-mesh fractions were 
weighed, and screen analyses were made on split samples of the plus-200-mesh 
fractions.
The dry products were then returned to the sump and sufficient water 
was added to obtain similar feed pulp conditions for the next series of tests.
Three tests conducted at three different pressures constituted a series 
of tests• The feed inlet area for all tests was 0.532 square Inches.
Classifier efficiencies (Weinig and Carpenter, 1937, p. 129) were com­
puted on all tests reporting measurable amounts of plus-100-mesh particles 
in their overflow products.
Specific Experimental Conditions and Results
Tests 1-27 were preliminary tests to determine the set of operating
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conditions for the Dorrclone that would be suitable for comparison when 
different apexes were tested* Tests 28-51 were the tests conducted to deter­
mine the effects of cylindrical apexes as compared to a conical apex*
!» Preliminary Tests 1-27
Tests 1-3 were conducted using a 25$ solids feed pulp, a nominal 7/8- 
inch-diamster apex orifice, and a 7/l6-inch-diameter vortex finder* No 
plus-100-mesh particles reported in the overflow*
Tests 4-6 were conducted using a 40$ solids feed pulp, a nominal 7/8- 
inch-diameter apex orifice, and a 7/16-inch-diameter vortex finder* Only 
traces of plus-100-mesh particles reported in the overflow products*
Tests 7-9 were conducted using a 40$ solids feed pulp, a nominal 7/8- 
inch-dlameter apex orifice, aid a 5/8-inch-diameter vortex finder* Again, 
only traces of plus-100-mesh particles reported in the overflow products*
Tests 10 aid 11 were conducted using a 30$ solids feed pulp, a nominal 7/8- 
inch-diameter apex orifice, and a 1-inch-diameter vortex finder* The over­
flow of Test 10 was lost when a pressure filter leaked, so no accurate results 
were obtained, but Test 11 reported only a trace of plus-100«-mesh particles 
in the overflow product*
Tests 12-14 were conducted using a 30% solids feed pulp, a nominal 1-J— 
inch-diaraeter apex orifice, and a 1 3/8-inch-diameter vortex finder*
Classifier efficiencies were calculated to be 81*7$, 78*1$, and 69*3$, 
respectively, for Tests 12, 13, and 14; however, because of segregation of 
the coarse particles in the pump sump, the calculated per cent solids of the 
three tests did not correspond to the actual feed of 30$ solids. The results 
were considered invalid.
To aid in keeping the coarse solids suspended in the pump sump, a baffle 
plate was added to the sump prior to Test 15. The effect of the baffle plate 
was to decrease the difference between added and calculated per cent solids
-11-
in the feed pulp* The 1-inch Wilfley sand pump was replaced in the circuit 
by a 2-inch Wilfley sand pump prior to Test 15; the increased flow made higher 
pressures possible and aided in preventing the coarse solids from settling 
out in the sump#
Tests 15-18 were conducted with a 1-g-ineh-diameter apex orifice and 
a 1 3/8-inch-diameter vortex finder# Feed for Test 15 was 30$ solids, and 
feed for Tests 16-18 was 25$ solids# Although the difference between actual 
and calculated feed per cent solids was decreased by changes in apparatus, 
the differences ranged from 20$ to 30$ error, so the results of the tests 
were not considered valid#
The baffle previously added to the pump sump was extended, and an actual 
feed per cent solids of 35$ was used for the remainder of the tests# The 
differences between the actual and the calculated feed per cent solids varied 
from a minus 8,9$ to a plus 12.3$ error#
Tests 19-21 were conducted using a 1-J—inch-diameter apex orifice and a 
1 3/8-inch-diameter vortex finder# Classifier efficiencies were 73*8$, 75*4$, 
and nil, respectively, for Tests 19, 20, and 21#
Tests 22-27 were conducted using a 1-J—inch-diameter apex orifice and 
a 1 5/S-inch-diameter vortex finder. Classifier efficiencies ranged from 
73.6$ to 83.2$.
It was decided that the conditions under which Tests 22-27 were conducted 
represented the best conditions of the twenty-seven preliminary tests and 
would be reproducible for comparative testing of the cylindrical apexes.
The data of Tests 1-27 are given in Tables II, III, and 17.
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2« Oommratlva Tests 28-51
After the completion of the preliminary tests, the apparatus was cleaned 
and a fresh feed pulp of 35$ solids was added* Tests 28-51 were conducted 
using a 1 5/8-inch- diameter vortex finder and a nominal l|-inch diameter 
apex orifice*
Tests 28-33 were conducted using a cylindrical apex 8 7/16 inches long* 
At a pressure of 2*5 psi, Tests 28 and 31 resulted in classifier efficiencies 
of 84*7$ and 81,7$, respectively* At a pressure of 5 psi, Tests 29 and 32 
resulted in classifier efficiencies of 81.7$ and 82.0$, respectively. At a
pressure of 10 psi, Tests 30 and 33 resulted in classifier efficiencies
of 79*2# and 81*2$, respectively.
Tests 34-39 were conducted using a cylindrical apex 4 1/8 inches long. 
Tests 34 and 37 were conducted at 2,5-psl pressure and resulted in classifier 
efficiencies of 77*3$ and 81.2$, repectively, Tests 35 and 38 were conducted 
at 5-psi pressure and resulted in classifier efficiencies of 77.9$ and 78,7$, 
respectively. Conducted at a pressure of 10 psi, Tests 36 and 39 resulted
in classifier efficiencies of 76*7$ each*
Tests 40-45 were conducted using a cylindrical apex 3 inches long.
Tests 40 and 43 were conducted at 2.5-psi pressure and resulted in classifier 
efficiencies of 78,1$ and 77*9$, respectively* At 5-psi pressure, Tests 41 
and 44 resulted in classifier efficiencies of 77.8$ and 78.2$, respectively. 
Tests 42 and 45 ware conducted at 10**psl pressure and resulted in classifier 
efficiencies of 77*1$ and 76*7$, respectively.
Tests' 46-51 were conducted using a standard 20* conical apex 4j inches 
long. Tests 46 and 49 were conducted at 2,5-psi pressure and resulted in 
classifier efficiencies of 78,7$ and 80*8$, respectively, At“5-psi pressure, 
Tests 47 and 50 resulted in classifier efficiencies of 74*7$ and 76,0$, 
respectively. Tests 48 and 51 were conducted at 10-psi pressure and resulted
—16—
in classifier efficiencies of 70.5$ and 72.9$, respectively.
The data for Tests 28-51 are included in Table V.
If
Average values of the data for each pair of similar tests are shown in 
Table VI, For ease of comparison, the data of Tests 28-51 are grouped accord­
ing to feed inlet pressures.
Based on elassifier efficiencies, the tests conducted on the 3-inch 
and 4 l/8-inch cylindrical apexes produced less effective classification 
them the 20° conical apex at 2.5-psi pressure. At 5- and 10-psi pressure 
the classifier efficiencies of the cylindrical apexes were considerably higher 
than those of the conical apex* However, in all tha tests conducted on the a- 
inch and 4 1/8-inch cylindrical apexes, consistently higher percentages of 
plus-10G**mesh particles reported in their overflow products as compared to 
the percentages of plus-100-mesh particles that reported in the overflow 
products of the 8 7/16-inoh cylindrical and 20° conical apexes.
The percentages of plus-100-mesh particles reporting in the overflow 
products of the tests conducted on th© 8 7/l6~ineh cylindrical and 20® coni­
cal apexes are comparable, Th© classifier efficiencies of the long cylindri­
cal apex range from 3*4$ higher at 2.5-psi pressure to 8.5$ higher at 10-psi 
pressure than the classifier efficiencies of th© conical apex.
At each pressure (2.5, 5, and 10 psi) tests of the cylindrical apexes 
resulted in greater weights of through-put than the teste of the 20° conical 
apex.
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The data compiled from the experimental testing of cylindrical apexes 
of various lengths and a standard 20® conical apex mounted in the remaining 
component parts of a JMLhch solid«*liquid cyclone (Dorrclone) indicate that 
slightly better classification can be obtained by the use of a cylindrical 
apex 3 7/16 inches long than can be obtained with the standard 20® conical 
apex*
Why the long cylindrical apex resulted in better size separations than 
the conical apex can be partially explained by the effect of the greater 
length of the cylindrical apex* The greater distance between the discharge 
of the overflow and underflow undoubtedly allows more space and time for the 
finer particles to segregate from the coarser particles*
In addition* it is known the strong centrifugal forces imparted to the 
solid particles in a llquieUsolid cyclone cause the coarser particles to 
move to the outermost distance from the center of the cyclone, and that the 
majority of the water and finer particles in the pulp are forced by displace­
ment to positions closer to the center of the cyclone* With these facts in 
mind, it can be assumed the cylindrical apex wall would contain a layer of 
coarse particles moving downward toward the apex discharge orifice. Because 
the apex discharge orifice is of smaller diameter than the cylindrical apex, 
It can also be assumed the space between the outside of the apex discharge
*►20**
orifice and the cylindrical apex wall beeomes filled with coarse particles 
moving from the feed chamber of the cyclone to the apex discharge orifice#
In effect, the coarse particles form a moving apex it!thin the cylindrical 
apex#
It is logical to assume that the configuration of the formed apex is 
dependent partially upon the changes in the centrifugal force of the particles. 
To Illustrate, if a particle at the outermost distance from the center of the 
cyclone in the feed chamber of a >*inch cyclone is assumed to be moving at a 
velocity of 20 feet per second, the centrifugal force exerted by the particle 
is
Weight 2 Weight 2
P§ ^ g 'C"'°'§ Kgggffi*- I tf    - 100(Weight of Partlole)
If the particle is now assumed to have moved in a spiraling motion around 
the outermost distance from the center of the cyclone down to some point on 
the wall of a cylindrical apex 3 Inches In diameter, it can also be assumed 
that frictional forces have reduced its velocity to a figure lower than that 
originally attained in the feed chamber# Assuming the velocity to be reduced 
to IB feet per second, the centrifugal force of the particle has been reduced to 
Bl(Weight of Particle). In other words, the centrifugal force of any particle 
moving at a certain radius in a cyclone would decrease as the square of the 
velocity decreases# Because a reduction in centrifugal force is a reduction 
in kinetic energy of a particle, the particle is constantly forced toward an 
area containing particles of lesser energy#
It is not proposed that all the particles move from the feed chamber to 
th© apex orifice along the wall of the cylindrical apex# It is proposed that 
there exists a rotating apex of eoarsa particles within the cylindrical apexj 
th© shape of the moving apex is not an angular con© but a cone curved to 
conform with the centrifugal force gradient, which in turn is dependent upon
th© square of th© velocity decrease* Therefore, it is proposed that th© 
better size separations resulting from th© use of the cylindrical apex are 
due, in part, to the formation of an apex which conforms to a shape determined 
by the natural movement of the particles under the conditions existing in the 
cyclone*
The increased capacities of the cylindrical apexes as compared to the 
conical apex are undoubtedly the result of lower energy losses In the cylin*. 
drical apexes* Whereas th© constricting sides of th© conical apex are fixed, 
the apex formed by particles inside the cylindrical apex is in motion and 
offers less frictional resistance to the movement of th® downward-moving, 
coarse particles*
It is felt that the objective of the investigation was attained* 
Liquid**eolid cyclones constructed with cylindrical apexes of longer dimensions 
than those of conical apexes will permit classification of Solid materials 
comparable with that obtained in cyclones constructed with conical apexes*
Th© applications of the cylindrical cyclone are the same m  those for 
the conical cyclones, except where the additional space requirement of th© 
longer cylindrical cyclone would not permit its placement* Th© relative ease 
of construction as compared to th© conical cyclone is significant* Operators 
of small plants with limited capital could fabricate workable cylindrical 
cyclones much more cheaply than they could buy or fabricate conical cyclones*
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